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Introduction
The purpose of this study was to determine trends in streamflow characteristics for streams in Wisconsin and select a period for future low-flow studies that represents current (2014) streamflow conditions. Previous low-flow studies in the 1970s and 1980s determined low-flow characteristics at sewage-treatment and industrial plants for compliance with Wisconsin water-quality standards (Gebert and Holmstrom, 1977; Gebert, 1978 Gebert, , 1979a Gebert, , 1979b Gebert, , 1980 Gebert, , 1982 . A report on streamflow trends in southwestern Wisconsin (Gebert and Krug, 1996) raised questions about how well low-flow characteristics in previous reports represent current streamflow conditions. They found significant trends in low-and highflow characteristics for streams where the predominant land use was agriculture. A trend analysis for 20 streamflow-gaging stations indicated that low-flow characteristics were increasing and peak flow characteristics were decreasing for agriculturedominated streams but not for streams where forest was the predominant land use. The trends were attributed mainly to improved agricultural practices. Most of the changes occurred after implementation of improved U.S. Soil Conservation Service agricultural practices starting in the 1940s (Trimble, 1981; Trimble and Lund, 1982; Potter, 1991; Krug, 1996) . A trend analysis for the same stations for the period 1970-92 found no trends for 18 of the 20 stations. Selecting periods with no apparent trends will result in more accurate estimates of low-flow characteristics at sewage-treatment and industrial plants for compliance with Wisconsin water-quality standards.
A number of studies have evaluated changes in streamflow characteristics and have attempted to relate the changes to climate or land use. McCabe and Wolock (2002) looked at 400 gaging station sites in the conterminous United States measured during the period 1944-99 and found statistically significant changes in low and median flows. In the Midwest, including Wisconsin, the increase in flows was notable around 1970. The changes were reported to appear as a step change rather than a gradual trend and coincided with an increase in precipitation. A possible reason for the increase was the increase in fall and winter precipitation. In addition it was stated that improvements in agricultural and land management practices contributed to the changes. Hodgkins and Dudley (2006) , and Hodgkins and others (2007) , in studies of historical changes in streamflow and precipitation in the Great Lakes Basin, found that annual runoff and mean annual 7-day low flow increased for selected streamflow gaging stations from 1955 to 2004. Annual precipitation also increased over this time period and from 1915 to 2004.
In a study of streamflow in the driftless area of southwestern Wisconsin, Juckem and others (2008) evaluated the effects on streamflow due to climatic and land management changes by comparing volumetric changes in the hydrologic budget before and after 1970. They found increases in baseflow and annual flow with a decrease in stormflow. They concluded the timing of the hydrologic changes coincides with changes in precipitation and that the magnitude of the changes was likely amplified by changes in agricultural land management practices.
The emphasis of the Gebert and Krug (1996) study was for streams in southwestern Wisconsin. This report provides better statewide coverage with trends evaluated for selected streams in each of the 12 major river basins in Wisconsin. This report includes precipitation analysis from stations representing the nine climatic divisions in Wisconsin. The previous study also used streamflow-gaging-station data from different periods of record, while this study used a common time period to reduce differences that occur from using different periods.
Approach
Wisconsin has a large streamflow database available from U.S. Geological Survey (USGS) streamflow-gaging stations. In 2008, 155 streamflow-gaging stations were operated by the USGS in Wisconsin that provided daily streamflow data described in USGS annual data reports, "Water Resources Data, Wisconsin" (U.S. Geological Survey, 1976 Survey, -2006 U.S. Geological Survey 2007-9) . Many of the streamflowgaging stations have long-term records, with several records going back to the 1890s. Many of these are on unregulated or minimally regulated streams and therefore provide an excellent database for determining long-term streamflow characteristics and streamflow trends.
This study computed streamflow characteristics for longterm streamflow-gaging stations with no or minimal regulation to evaluate if changes have occurred. The streamflow-gaging stations selected for analysis are shown in figure 1. Five of the 15 selected stations are part of the USGS Hydro-Climatic Data Network (HCDN) that was established in 2011 (Falcone, 2011; Lins, 2012) . The network consists of 743 streamflow-gaging stations nationally. The purpose of the network is to provide a streamflow dataset suitable for analyzing hydrologic variations and trends in a climatic context. The 10 stations used in the study that are not part of HCDN meet the criteria outlined by Falcone except for the visual screening by satellite imagery for the presence of human activities
Data Analysis Streamflow Data
Streamflow data analysis consisted of the following:
1. Fifteen streamflow-gaging stations were selected for the analysis. At least 1 long-term streamflow-gaging station was selected for each of the 12 major river basins in Wisconsin.
2. The streamflow characteristics selected for analysis were the annual 7-day low flow, annual average flow and annual flood peak discharge. The 1915-2008 period was selected because it represented the longest period where most of the major river basins had streamflow data available. Some major river basins did not have a streamflow-gaging station with data for the entire period but did have streamflow-gaging stations with data for most of that period. Missing annual 7-day low flow and annual average flow was estimated by correlation analysis with nearby streamflow-gaging stations. Annual flood peak discharge data were not estimated for missing years because correlations did not provide good relations. Correlation coefficients associated with the correlation analysis for annual 7-day low flow and annual average flow were generally greater than 0.80. A minimum of 0.60 was used for the correlation to be acceptable for extending the record. No correlation for the annual flood peak discharges had a correlation of 0.50 or greater.
3. Graphs of annual streamflow characteristics were made for all 15 streamflow-gaging stations to identify trends and to aid in selecting a common long-term period that best represented current streamflow conditions. Table 1 lists the streamflow-gaging stations used in the study as well as their years of recorded data, years of estimated record, drainage area and primary land use characteristics. The streams were divided into two classes: those that had greater than 50 percent forest cover were classified as forested; and those classified as agricultural had more than 49 percent agricultural lands and less than 50 percent forest cover. Five of the basins were classified as forested and 10 as agricultural. Land use cover percentages were determined by use of the 2002 National Land Cover Dataset (NLCD). The percent forest cover in table 1 includes the percent of wooded wetland as determined in NLCD. It was assumed that changes in land use during the period of the study would not have changed how streams were classified. 
Precipitation Data
Precipitation data were obtained from the National Weather Service Midwestern Regional Climate Center (MRCC; U.S. Department of Commerce-National Oceanic and Atmospheric Administration, 2009). The MRCC partitions the State into nine divisions, for which annual and monthly average precipitation data are summarized from the 176 weather stations in the State. The weather stations are distributed throughout the State with each division having precipitation data from at least 10 weather stations. The divisions are discussed on the State Climatology Office Web site (http://www. aos.wisc.edu/~sco/clim-history/division/index.html). The precipitation data for the 15 streamflow-gaging stations were determined from the division in which they are located ( fig. 2) . If the drainage area was in two or more divisions, the monthly and annual values for the watershed were weighted according to the percentage of the drainage area in each division.
Trend Analysis
Time trends of the streamflow characteristics at all the streamflow-gaging stations and corresponding precipitation on the watershed were investigated by computing the Kendall's tau correlation coefficient (Kendall, 1970; Conover, 1971) . The Kendall tau is a nonparametric test for trends. Kendall's tau measures trend strength and is appropriate for variables like streamflow characteristics that have skewness and are not normally distributed. Tau values can range from −1 to +1. A value of −1 results when each succeeding value is less than the one previous; a value of +1 results when each value is greater than the one previous. The expected value of the tau for records with no trend is zero. A random distribution of values can result in an observable trend, but the chance of this occurring can be evaluated statistically. In general, the more Kendall's tau deviates from zero, the more likely it is that a trend exists. The tests for significance shown in table 2 are the p-values corresponding to Kendall's tau. Online software was used to calculate the statistics (Wessa, 2012) . A p-value of 0.05 means there is a 95 percent assurance that the trend is real or there is a 5 percent chance that the apparent trend is due to random chance. A trend was considered significant if the p-value was 0.05 or less. 
Results
Streamflow and precipitation data were evaluated by several methods to determine if changes or trends occurred.
Graphical Evaluation
Graphs of annual streamflow characteristics and annual precipitation data for the period 1915-2008 provided a means for evaluating the data to observe changes and also provided a least-square trendline as an indicator of possible trends. Examples of the plots for two streamflow-gaging stations are shown in figures 3 and 4. The trend patterns were similar to those found by Gebert and Krug (1996) . In agricultural areas ( fig. 3 ), low flow is increasing and flood peak discharge is decreasing, while in the forested areas ( fig. 4) there was no or little change in either low flow or flood peak discharge. That study concluded that the trends were mainly due to change in agricultural practices and land use that started to occur after 1940. Most of these changes occurred before the late 1960s (Potter, 1991; Trimble, 1981; Trimble and Lund, 1982) . Some of the changes in agricultural practices that were found included contour-strip cropping, contour plowing, incorporation of crop residue into the soil, crop rotation, and increased depth of plowing. The primary land-use change was the conversion of steep hillsides from pasture to woodlots, which was especially important for streams in hilly southwestern Wisconsin. 1916 1922 1928 1934 1940 1946 1952 1958 1964 1970 1976 1982 1988 1994 2000 2006 Year 1916 1922 1928 1934 1940 1946 1952 1958 1964 1970 1976 1982 1988 1994 2000 2006 Year 1916 1922 1928 1934 1940 1946 1952 1958 1964 1970 1976 1982 1988 1994 2000 2006 Year 1916 1922 1928 1934 1940 1946 1952 1958 1964 1970 1976 1982 1988 1994 1916 1922 1928 1934 1940 1946 1952 1958 1964 1970 1976 1982 1988 1994 2000 2006 1916 1922 1928 1934 1940 1946 1952 1958 1964 1970 1976 1982 1988 1994 2000 2006 Year 1916 1922 1928 1934 1940 1946 1952 1958 1964 1970 1976 1982 1988 1994 2000 2006 Year 1916 1922 1928 1934 1940 1946 1952 1958 1964 1970 1976 1982 1988 1994 2000 2006 Based on this evaluation of the graphs for the 15 streamflow-gaging stations and the trend analysis done in Gebert and Krug (1996) , which found no trend in 18 out of 20 streams for the period 1970-92, this report selected the 1969-2008 period as the period for comparison with the 1915-68 period.
Streamflow Trends
A trend analysis of the entire 1915-2008 period showed that the annual 7-day low flow generally increased in the agricultural watersheds but showed little change in the forested watersheds (table 2) . Annual 7-day low flow increased significantly (p-values less than 0.05) in 9 of 10 streams in agricultural area watersheds. For the five forested streams, four had no significant trends, and one (Jump River at Sheldon) had a significant increase.
Annual average flow behaved similarly to annual 7-day low flow. Seven of the 10 agricultural streams had significant increasing trends. The forested streams had no significant trends.
Annual flood peak discharge had significant decreasing trends for 4 of the 10 agricultural streams. Four of the forested streams had no apparent trend, and one (Oconto River near Gillett) had a significant decreasing trend.
An example of the trends in an agricultural watershed is the Milwaukee River at Milwaukee. The p-values for the annual 7-day low flow and annual average flow were <0.001and 0.018, respectively, indicating significant trends despite having 17 percent urban area in its watershed; the p-value for the annual flood peak discharge was 0.860, indicating an absence of trend. The St. Croix River near Danbury is an example of lack of trends in forested watersheds. The p-value for the annual 7-day low flow was 0.278, for the annual average flow was 0.206, and for the annual flood peak discharge was 0.069, all indicating an absence of significant trends in spite of precipitation having a significant increasing trend with a p-value of 0.014.
For the period 1969-2008 there were very few significant trends in streamflow characteristics and no significant trends in precipitation as shown in table 3. Stationarity of data (statistical properties of peak flows and watershed characteristics affecting flows that do not change with time) is an important criterion for conducting accurate frequency analyses. The 1969-2008 period was selected as a good period to represent flow characteristics for this study and future lowflow studies for the following reasons:
1. Graphical analysis of annual flow characteristics showed little (if any) trend for all 15 streamflow-gaging stations.
2. Kendall tau-trend tests found very few statistically significant trends in streamflow characteristics and no statistically significant trend in precipitation.
3. Potter (1991) and Trimble (1981) reported that most of the agricultural practices and land-use changes had occurred by the late 1960s.
4. Selecting a period with no apparent trends provides estimates that best represent current flow conditions in order to provide a more accurate estimate of low-flow characteristics at sewage-treatment and industrial plants for compliance with Wisconsin water-quality standards.
Comparison of Annual Flow Characteristics
Changes in streamflow characteristics and precipitation were determined between the 1915-68 and the 1969-2008 periods. Statistically significant changes for all three streamflow characteristics occurred at many streamflow-gaging stations with the most significant occurring in the agricultural areas. The percent change between the two periods for annual 7-day low flow, annual average flow, annual flood peak discharge and annual average precipitation is shown in figure 5 . A summary of the percent differences between the forested and agricultural watersheds is shown in table 4. As shown, the percent increase in annual 7-day low flow, annual average flow and annual average precipitation is much larger in agricultural watersheds compared to forested watersheds. The decrease in annual flood peak discharge is also larger in the agricultural watersheds. Graphs showing percent change in annual streamflow characteristics and annual precipitation between the 1915-68 and 1969-2008 periods with significant differences (p-value less than 0.05) indicated by an asterisk.
The percent change in annual 7-day low flow and annual flood peak discharge related to forested area had a similar relationship pattern as found in the previous study by Gebert and Krug (1996) . In that study, predominantly agricultural streams had increased low flow and decreased flood peak discharge while heavily forested areas had little change in low flow or flood peak discharge. Figure 6 shows a similar pattern of changes in low flow values with increasing percent forest cover..
Streamflow Frequency Characteristics
Streamflow frequency characteristics are often used for design purposes and compliance purposes such as bridge, culvert and wastewater treatment sizing and effluent limits. To determine changes in streamflow frequency characteristics, Log Pearson analysis was done for the 15 streamflow-gaging stations for each of the three flow characteristics. The streamflow frequency characteristics were computed for the periods 1915-2008, 1915-68, and 1969-2008 or as close to those periods as possible because some stations did not have data back to 1915. The streamflow records were extended for the full time periods for low flow and average flow characteristics but not for flood peak discharge characteristics as described in "Data Analysis."
For example, a comparison of the streamflow frequency characteristics at four streamflow-gaging stations for the periods is shown in table 5. The stations were chosen to illustrate the changes in different parts of the State and between forested and agricultural areas.
The St. Croix and Oconto Rivers, both heavily forested basins, showed little change between the two periods in low-flow characteristics and annual average flow. The 100-year flood peak discharges (P 100 ) decreased significantly for both streams. The Oconto River had a decrease of 33 percent and the St. Croix had a decrease of 12 percent between the 1969-2008 period and 1915-68 period. [Q 7,2 , annual minimum 7-day mean flow below which the low flow falls on average of once in 2 years; ft 3 /s, cubic foot per second; Q 7,10 , annual minimum 7-day mean flow which the flow falls on average of once in 10 years; P 2 , annual flood peak discharge that will be exceeded on average of once in 2 years; P 100 , annual flood peak discharge that will be exceeded on average of once in 100 years; Qavg, mean of the daily flows over the period of record; Baseflow, average annual base flow over the period of record; Precipitation, average annual precipitation over the period of record; in. The two streams with agriculture as the dominant land use (Milwaukee and Sugar Rivers) had large increases in the 7-day, 2-year low flow (Q 7,2 ) and 7-day, 10-year low flow (Q 7,10 ). The average increase for the two sites was 76 percent for Q 7,2 and 111 percent for Q 7,10 . The annual average flow (Q avg ) increased an average of 30 percent. The changes in flood peak discharge for the two streams were mixed. The Milwaukee River had only a slight increase in both the 2-year (P 2 ) and 100-year (P 100 ) flood peak discharges. The Sugar River had a decrease of 32 percent for the 2-year (P 2 ) and a decrease of 41 percent for the 100-year (P 100 ) flood peak discharge. Figure 7 is a comparison of the changes in low flow and flood peak discharge frequency characteristics for all 15 streamflow-gaging stations. A table showing the comparison of all three streamflow characteristics for all 15 streamflowgaging stations and averages for the forested and agricultural watersheds is shown in Appendix1; the average annual precipitation for each gaging station is also shown in the Appendix 1.
When the changes between 1915-68 and 1969-2008 are compared, the Q 7,2 discharge increased 66 percent and the Q 7,10 discharge increased 91 percent at the nine agricultural streamflow-gaging stations. Nine streamflow gaging stations were used instead of 10 to avoid double counting the Crawfish River and Rock River at Afton since they are in the same watershed. For the five forested streamflow-gaging stations, both the Q 7, 2 and the Q 7, 10 increased 18 percent. An overall decrease in flood-frequency values occurred between the two periods for both land-use types. For the nine agricultural streamflow-gaging stations, the 2-year flood peak discharge decreased an average of 13 percent, and the 100-year flood peak discharge decreased an average of 15 percent. For the five forested streamflow-gaging stations, the 2-year flood peak discharge decreased an average of 13 percent, and the 100-year flood peak discharge decreased an average of 27 percent.
A comparison was made with low-flow characteristics that were previously computed for the Wisconsin River basins in the 1970s and 1980s for the design of sewage-treatment plants and industrial outfalls (Gebert and Holmstrom, 1977; Gebert, 1978 Gebert, , 1979a Gebert, , 1979b Gebert, , 1980 Gebert, , 1982 Holmstrom, 1978 Holmstrom, , 1979a Holmstrom, , 1979b Holmstrom, , 1980a Holmstrom, , 1980b Holmstrom, , 1982 Stedfast, 1979) . Most of the streamflow data used in those reports were for the entire period of data at a streamflow-gaging station through the mid-1970s depending upon when the report was prepared; therefore, the low-flow characteristics in table 3 for the 1915-68 period are fairly representative of those published in these low-flow reports. A comparison of the Q 7, 10 discharges between the report values (Holmstrom, 1980a (Holmstrom, , 1980b (Holmstrom, , 1982 Stedfast, 1979) and the values for the 1915-68 period showed the average difference is less than 5 percent.
The Q 7, 10 is the frequency characteristic used in wasteload allocation studies to design sewage-treatment plants and to permit industrial-outfall discharges. For streamflow-gaging stations where the dominant land use is agricultural, significant increases have occurred. The Q 7, 10 has increased from previously published values in the 1970s and 1980s from 0 percent for the Fox River at Berlin to 278 percent for the Crawfish River. This increase is very important because these 10 streamflow-gaging stations were some of the index stations used to make estimates of low-flow characteristics for 397 sewage-treatment plants and 143 industrial plants by Holmstrom (1979b) .
The 100-year flood peak discharge is used in the design of bridges and in flood-plain mapping. The decrease in flood peak discharges could be significant for future design and mapping. The flood peak discharge values shown in figure 7 were calculated from Log-Pearson Type III analysis (U.S. Interagency Advisory Committee on Water Data, 1982). As shown in figure 7 , the 100-year flood peak discharges decreased between the 1915-68 and 1969-2008 periods for 12 of the 15 streamflow-gaging stations. The decrease ranged from 1.0 percent for the Rock River at Afton to 43 percent for the Platte River at Rockville with an average decrease of 19 percent for the 15 stations. The largest increase was 9 percent for the Kickapoo River at Steuben. It should be noted that while low-flow characteristics have not been updated in a USGS report since the 1970s and 1980s, the peak discharges determined by Conger (1981) were updated periodically in subsequent reports by Krug and others (1992) and Walker and Krug (2003) . Table 6 lists the average annual precipitation for the 15 streamflow-gaging station watersheds for the periods 1915-68 and 1969-2008 along with percent change between the 2 periods. The average annual precipitation increased at all watersheds for the period 1969-2008 when compared with 1915-68. The changes were statistically significant at 8 of the 15 watersheds. The largest increase was 10.6 percent for the Fox River at New Munster. The smallest increase was 1.1 percent in the Big Eau Pleine watershed. The average increase for all 15 streamflow stations was 6.6 percent. Figure 8 shows the average monthly change for the nine climatic divisions. The largest increases occurred in MarchApril, July-August, and October-December. The monthly increases ranged from about 7 to 19 percent for these months.
Annual Precipitation
The only months that had decreases were February and June. Many of the months that had the largest increases (March, April, October, November, and December) are when groundwater recharge is likely to occur due to reduced evapotranspiration. The potential increase in groundwater recharge is likely part of the reason that low flows have increased.
The relation between changes in the average annual precipitation with changes in annual 7-day low flow, average annual flow, and annual flood peak discharge for each of the 15 streamflow-gaging stations is shown in figure 9 . A strong relation (R 2 = 0.84) was found between increased annual precipitation and increased average annual flow. A fair relation also was found between increased annual precipitation and increased annual 7-day low flow (R 2 = 0.46), while no apparent relation was found between increased annual precipitation and the changes in annual flood peak discharge. 
Discussion
The significant trends in low flow that were found at 10 of the 15 streamflow-gaging stations appear to be the result of changes in agricultural practices and land use. An increase in annual precipitation also likely contributed to the increase in low flow and average annual flow. However, the increase in flow characteristics was much greater than the percent change in precipitation. The changes in annual flood peak discharge are not as consistent as for low flow and average annual flow. Annual flood peak discharge decreased at 12 streamflow-gaging stations and increased at 3 streamflowgaging stations. Five of the decreases in flood peak discharges were statistically significant as shown in table 2. With an increase in annual precipitation and frequency of large rainfall events (Nelson Institute for Environmental Studies, 2011), an increase in annual flood peak discharge for most stations would be expected. However, a recent analysis of historical precipitation-frequency data for the 1-day and 1-hour duration reported no statistically significant trends in the data for the Midwest in general, although a few sites in southeastern Wisconsin had positive trends (Sanja and others, 2013) . The decrease in annual flood peak discharges for a number of agricultural streams indicates that the changes in agricultural practices and land use may have resulted in increased infiltration, which was effective in decreasing annual peaks in spite of increased precipitation. This conclusion is similar to results reported by Juckem and others (2008) . Comparing agricultural, forested and urban basins, Gyawali and others (2015) found streamflow characteristics changed least in forested basins. Their study evaluated changes in streamflow duration values at 13 streamflow-gaging stations in Wisconsin. They found the net change in total runoff between the 1951-80 and 1981-2010 periods for the northern basins ranged from -6.0 to 4.2 percent while the southern basins showed increases ranging from 13.1 to 18.2 percent.
The decrease in flood peak discharges in both forested and agricultural watersheds could also be caused by a shift in the timing of spring snowmelt runoff. Earlier snowmelt runoff by 5 to 10 days in the Great Lakes Basin from 1953 to 2002 was noted by Hodgkins and others (2007) . This was the result of increased air temperatures in February and March of 5.0 °F and 3 °F respectively, from 1954 to 2004. The earlier warming appears to extend the length of the snowmelt period and reduced the build-up of the snowpack in March resulting in lower flood peaks.
The difference in the average reduction in the 100-year flood peak discharge between the forested streams (-27 percent) and the agricultural streams (-15 percent) was affected by inclusion of a large flood in 2008 that affected five of the agricultural streamflow-gaging stations. In June 2008, a greater than 100-year flood occurred in a narrow band across south-central Wisconsin (Fitzpatrick and others, 2008) . The inclusion of that single event in the flood-frequency analysis changed the estimate of the 100-year flood discharge for the Kickapoo River at Steuben, Milwaukee River at Milwaukee, Fox River near New Munster, Crawfish River at Milford, and Rock River at Afton. Without these five stations the average reduction in the 100-year flood peak discharge would have been -31 percent, which is similar to the -27 percent for the five forested streams.
To evaluate the 1969-2008 period chosen for this study, a comparison was made with the long-term record at Fox River at Berlin. Fox River at Berlin was selected because it has the longest continuous streamflow record in Wisconsin, operating from 1898 to the present. As shown in figure 10, there is little variation in the annual 7-day low flow and annual average flow for the period 1898 to 2008. The Fox River at Berlin watershed is 49 percent agricultural and 32 percent forested. The streamflow characteristics do not have the same pattern as other agriculture-dominated basins in that the annual 7-day low flow did not increase between the periods. A reason for this is that a large portion of the drainage area has highly permeable soils resulting in many of the tributary streams having very large base flows (Gebert and others, 2007 (Gebert and others, , 2009 (Gebert and others, , and 2011 
Summary and Conclusions
Streamflow characteristics were determined for 15 streamflow-gaging stations in Wisconsin for 3 periods: 1915-2008, 1915-68, and 1969-2008 . Trends in streamflow characteristics were found to be statistically significant at many stations. More trends in streamflow characteristics were found in basins where the predominant land use was agriculture as compared to basins where the predominant land use was forest. Annual precipitation changes also were determined for the same periods to help identify possible reasons for variations in streamflow for the different periods.
A statistically significant increasing trend for the annual 7-day low flow was found at 10 of the 15 streamflow-gaging stations using Kendall's tau test for the period of record from . Most of the increasing trends in annual 7-day low flow occurred in watersheds where the predominant land use was agriculture. Four of the five watersheds that had no trend for the 7-day low flow were in the forested northern part of the State. The annual 7-day low-flow characteristics increased for nine of the agricultural streamflow-gaging stations, having increased an average of 60 percent from the period 1915-68 to 1969-2008 . The five forested streamflow-gaging stations increased an average of 15 percent and two stations had significant increases. There was a significant difference in annual average flow between the two periods in the two land-use categories: nine of the agricultural streams increased 23 percent, whereas the forested streams increased 0.6 percent, which was not found significant. Annual flood peak discharge for the agricultural streams decreased an average of 15 percent, and the forested streams decreased 8.4 percent.
Annual average precipitation in all 14 watersheds increased 6.6 percent for the 1969-2008 periods when compared with the 1915-68 period. Increased precipitation occurred in the nine climatic divisions in the state. The climatic divisions in the forested part of the State increased 3.3 percent as compared to climatic divisions in the southern agricultural part of the State that had an average increase of 8.2 percent. The largest increase of 10.6 percent was found in the southeastern part of the State.
The trends in streamflow characteristics affect frequency characteristics, which are used for a variety of design and compliance purposes. The discharges for specific frequencies for the 1969-2008 period were compared to frequencies for the 1915-68 period. The 7-day, 10-year (Q 7, 10 ) low flow increased 91 percent for nine agricultural streams, while the five forested streams had an increase of 18 percent. The 100-year flood peak discharge decreased an average of 15 percent for streams in the agriculture area and 27 percent for streams in the forested area.
The 1969-2008 period was shown to represent current (2014) land use and climatic conditions, was generally free of trends, and is recommended for determining current streamflow characteristics for design and compliance purposes.
Increased annual precipitation, along with the changes in the months when precipitation increased, indicated climatic changes may be causing some of the changes in streamflow. These changes resulted in increased low flows and annual average flows. The changes in agricultural practices and land use had a dominant effect for increased low flows. Many flood peak discharges decreased, in spite of increased annual precipitation, likely due to increased infiltration resulting from changes in agricultural practices and changes in the seasonal distribution of precipitation.
